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We report high pressure magnetic susceptibility and electrical resistivity measurements on
Ca3Ir4Sn13 single crystals up to 60 kbar. These measurements allow us to follow the evolution
of the superconducting critical temperature Tc, the resistivity anomaly temperature T
∗, the su-
perconducting coherence length and the Fermi velocity under pressure. The pressure-temperature
phase diagram constructed for Ca3Ir4Sn13 shows a dome-shaped pressure dependence of Tc. The
initial rise in Tc, which is accompanied by a decrease in T
∗, is consistent with a reduction in the
partial gapping of the Fermi surface under pressure.
PACS numbers: 74.25.-q, 62.50.-p, 74.25.Op
INTRODUCTION
In many narrow-band d- or f -electron compounds, the
low temperature ground state emerges out of a tangle of
alternatives, including various forms of structural, mag-
netic or charge order, superconductivity, and other, more
exotic possibilities. Often, the energy scales associated
with these low temperature states change very differently
with lattice density [1], which motivates the use of high
pressure experiments to bring out the state of interest for
detailed examination. This approach has been particu-
larly successful in the case of superconductivity, because
the nature of the state which is suppressed to make way
for a superconducting ground state may itself give valu-
able clues to the nature and origin of the superconducting
pairing mechanism.
Ca3Ir4Sn13 features a superconducting ground state
with Tc = 7 K at ambient pressure [2–4]. At T
∗' 45 K,
distinct anomalies are observed in the electrical resis-
tivity and in the magnetic susceptibility. The origin of
these anomalies is so far unidentified. They have been
attributed to strongly temperature dependent magnetic
fluctuations [2]. The resistivity follows a non-Fermi liquid
temperature dependence, and upon applying high mag-
netic field Fermi liquid behaviour is restored [2].
The related compound Sr3Ir4Sn13 is also a supercon-
ductor, with Tc = 5 K [3]. Since Ca is smaller than Sr and
they are isovalent, the substitution of Ca for Sr can be
regarded as providing positive chemical pressure. Here,
we apply hydrostatic pressure to Ca3Ir4Sn13 to investi-
gate whether Tc can be enhanced further, and to study
the interplay between Tc and T
∗.
Although Ca3Ir4Sn13 crystals were synthesized almost
30 years ago [3, 4], few studies have been reported un-
til very recently. In order to track both Tc and T
∗ with
pressure, we measure both the magnetic susceptibility
and the electrical resistivity. To our knowledge, this is
the first comprehensive high pressure study of this com-
pound.
EXPERIMENTAL
The single crystals of Ca3Ir4Sn13 used for this study
were grown by a flux method [3, 4]. Four-wire electrical
resistivity measurements were performed using a minia-
ture piston-cylinder cell, which can fit into the Quantum
Design physical property measurement system (PPMS-
9). In addition, two Moissanite anvil cells were pre-
pared for AC susceptibility measurements with a con-
ventional mutual inductance method, in which a 10-turn
microcoil [5–7] is placed inside the gasket hole as the
pickup coil. A 140-turn coil was placed above the gas-
ket to provide the modulation field. Glycerin was used
as the pressure transmitting fluid for the piston-cylinder
cell and one of the anvil cells, and 4:1 methanol-ethanol
mixture was used for the other anvil cell. Ruby flu-
orescence spectroscopy was employed to determine the
pressure achieved in the anvil cell. The superconduct-
ing transition temperature of Ca3Ir4Sn13, as determined
using the anvil cell, varies linearly with pressure at low
pressures with (dTc/dP )initial ∼ 0.83 K/GPa. For re-
sistivity measurements carried out in the piston-cylinder
cell, we use Tc of Ca3Ir4Sn13 as an in situ pressure gauge
[8].
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FIG. 1: (Color online) Pressure dependence of the supercon-
ducting transition in Ca3Ir4Sn13 detected in Moissanite anvil
cells using an AC mutual inductance technique.
RESULTS AND DISCUSSION
Figure 1 presents the temperature dependence of the
AC susceptibility up to 57 kbar. The transition to the
superconducting state is manifested by a clear drop in the
voltage induced in the pickup coil. The transitions are
all sharp, which demonstrates good hydrostaticity and
high sample quality. As pressure is increased, Tc first
increases before reaching a maximum value of ∼8.9 K
at about 40 kbar, giving a dome-shaped dependence of
Tc with pressure. Note that the ambient pressure Tc
extracted from magnetic measurements is 6.43 K, which
is lower than the ∼7 K reported previously [2]. However,
the pressure dependence of Tc is clear and unambiguous.
As mentioned in the introduction, there is an inter-
esting feature at T ∗, where a broad hump is observed
in the resistivity curve. At the onset temperature of this
hump the magnetic susceptibility has been shown to peak
[2]. The evolution of T ∗ under pressure is important for
understanding the superconductivity in this system, and
since it is difficult to determine T ∗ from high pressure
measurements of the magnetic susceptibility, the resis-
tivity data offer a precious opportunity to access this in-
formation. Figure 2 shows the temperature dependence
of the resistivity at zero field and 9 T up to 18 kbar. As
shown in Figure 2, it is possible to assign T ∗ to the re-
sistivity traces at 6.6 kbar and 11.5 kbar. This feature
is rapidly washed out under pressure, and it is no longer
possible to determine T ∗ conclusively for pressures higher
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FIG. 2: (Color online) Temperature dependence of resistance
measured at zero field (left) and 9 T (right). The arrows
indicate T ∗(see text).
than 11.5 kbar. Remarkably, while Tc increases initially
under pressure, T ∗ decreases monotonically.
In addition to shifting the Tc, the application of pres-
sure lowers the residual resistivity ρ0 significantly. This is
apparent for the traces collected at 9 T where supercon-
ductivity is suppressed by magnetic field and the normal
state is exposed down to 2 K, the base temperature of
our measurement. As will be argued below, this drop in
ρ0 is positively linked to the initial increase in Tc.
Figure 3 (inset) depicts an example of resistivity mea-
surements carried out at different magnetic fields; valu-
able information can be obtained by analyzing the mag-
netic field dependence of Tc. Within the temperature and
field ranges accessible by our measurements, the variation
of Tc is approximately linear in field H (Figure 3). As
Tc increases under pressure, the slope dH/dTc (or equiv-
alently dHc2/dT where Hc2 is the upper critical field)
decreases slightly. The zero temperature upper critical
field is proportional to Tc× (dHc2/dT ) [9], and although
both Tc and dHc2/dT are pressure dependent, the re-
sults show that the product is pressure independent (up
to 18 kbar). From this we can deduce that since the co-
herence length ξ is inversely proportional to Hc2, then
ξ(T → 0) is also pressure independent. BCS theory gives
ξ = a~vF /kBTc where a is a constant whose value de-
pends on the dimensionality of the system and the nodal
structure of the superconducting gap [9, 10]. Provided
that a does not vary under pressure, our analysis sug-
gests that Tc is proportional to vF .
The Fermi velocity vF can be written as ~kF /m∗,
which gives, for isotropic Fermi surfaces, vF =
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FIG. 3: (Color online) Field dependence of Tc at various
pressures up to 18 kbar. Inset: Superconducting transition
detected resistively at 6.6 kbar from 0 T to 5.5 T with 0.5 T
step.
~(3pi2n)1/3/m∗, where kF , m∗ and n are the Fermi
wavevector, the effective mass and the carrier density,
respectively [11]. Additionally, the Drude model gives
ρ−1 = ne2τ/m∗ with τ as the scattering time [11]. The
mean free path l = τvF at low temperature is mainly
limited by the presence of impurities and defects, and
is not altered by pressure. This is particularly true for
our case, since the same single crystal is used throughout
the experiment. Using the above equations we can write
ρ−1 = (e2l/3pi2~)k2F , where the mean free path can be
treated as a constant.
Combining the BCS coherence length with ρ−1 ∝ k2F ,
and vF ∝ kF /m∗ we can write Tc ∝ (1/m∗)(1/ρ)1/2.
Therefore, the drop in ρ (Figure 2) can be attributed
to an increase in kF , which concomitantly results in an
increase in vF and Tc. In Figure 4, we plot Tc versus√
1/ρ(10 K). Although a linear fit is able to describe
the data well, a sizeable vertical offset of 4.9 K is ob-
served. Note that our model above requires the data to
extrapolate to the origin. Therefore, we conclude that
m∗ is pressure dependent and with the values of Tc and
ρ(10 K), we can estimate the relative values of m∗. We
find that m∗ increases monotonically under pressure, and
m∗(18 kbar)/m∗(6.6 kbar) ∼ 1.18. The reason for this
enhancement of m∗ is not clear, and therefore micro-
scopic probes such as the de Haas-van Alphen effect will
be useful to deepen our understanding of this compound.
In Figure 5 we summarize the pressure dependence
of Tc and T
∗. Tc follows a smooth dome-shaped vari-
ation with a maximum of ∼8.9 K at about 40 kbar, in-
dependent of the pressure transmitting media used for
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FIG. 4: (Color online) The plot of Tc against
√
1/ρ(10 K).
The dotted line is a guide to the eye. Inset: Band 329 of the
Fermi surface. The zone center is at the center of the cube.
the experiment. T ∗, by contrast, decreases monotoni-
cally and extrapolates linearly to 0 K at ∼30 kbar. Since
T ∗ only exists for the part of the phase diagram where
dTc/dp > 0, it is tempting to conclude that these features
are connected.
The suppression of T ∗ is accompanied by a reduction
in ρ0. It is possible that for T < T
∗, a partial gapping
of the Fermi surface occurs. The anomaly at T ∗, which
is more pronounced at low pressures, is characteristic of
the formation of a spin- or charge-density wave (SDW or
CDW) [eg. [12, 13]]. In this scenario, partial gapping of
the Fermi surface at T ∗ abruptly reduces the density of
states at the Fermi level, g(EF ) and thereby the Pauli
susceptibility, causing the observed drop in the magnetic
susceptibility below T ∗ [2]. Under pressure, the reduced
gapping of the Fermi surface raises the effective carrier
density and g(EF ), which increases the electrical conduc-
tivity and boosts Tc. At pressures higher than 40 kbar,
T ∗ plays no role and no new carriers are added. The
eventual decline in Tc in this regime can be understood
with the conventional scenario of lattice stiffening.
Ca3Ir4Sn13 crystallizes in Pm3¯n space group which has
a cubic symmetry. Although the observation of CDW
and SDW states is well documented for low dimensional
compounds, it is relatively rare for three dimensional sys-
tems. A well known example is the cubic spinel com-
pound CuV2S4, which was found to display a CDW state
at low temperatures [14]. It is conceivable that the Fermi
surface of Ca3Ir4Sn13 contains some low curvature sec-
tions which promote nesting. To gain further insight
into the potential for CDW/SDW formation the elec-
tronic structure was calculated using the the Generalized
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FIG. 5: (Color online) Phase diagram showing the pressure
dependence of Tc (◦, •) and T ∗(). For the mutual induc-
tance measurement with the anvil cell, two pressure transmit-
ting media were used – methanol-ethanol mixture (in the ratio
of 4:1) (◦) and glycerin (•). For the resistance measurement,
only glycerin was used (). The dotted line is a guide to the
eye, showing the linear variation of Tc at low pressures.
Gradient Approximation [15] with Wien2k [16]. The ex-
perimental lattice coordinate of a = 9.7437 A˚ [2] was
employed. Rkmax = 7 and 40,000 k-points were used in
a non-spin polarized calculation. The position of the 24k
Sn site (0, y, z), the only free internal coordinate, was
minimised, resulting in (0, y = 0.3045, z = 0.1516). Six
bands were found to cross the Fermi level. Each sheet
of the Fermi surface was found to be three dimensional,
but some showed the presence of significant flat sections
that exhibit the potential for nesting. The flat sections
of band 329 shown in the inset of Fig. 4 are strong can-
didates for this. The potential importance of nesting in
other three dimensional materials, e.g. MnSi and NbFe2,
has also been highlighted by electronic structure calcu-
lations [17, 18]. The contribution of this band to the
Lindhard susceptibility was also calculated and a strong
peak was found at (1/2, 1/2, 1/2) at a value 21% above
that at Γ. This result provides a strong indication of the
potential for nesting in this system, but the development
of this instability will depend on other factors such as
the q-dependent interaction parameter. Further results
relating to these calculations will be reported elsewhere.
To summarise, in the cubic transition metal compound
Ca3Ir4Sn13 an unidentified electronic anomaly at T
∗ is
suppressed at a critical pressure of about 30 kbar. This
suppression is accompanied by a distinct increase in the
superconducting transition temperature, which rises to a
maximum of 8.9 K at 40 kbar, producing a broad super-
conducting dome in the temperature-pressure phase dia-
gram. In a series of high field experiments under pressure,
we have been able to extract the pressure dependence
of the superconducting coherence length, which can in a
simplified model be linked to the effective Fermi wavevec-
tor kF . Our data indicate that kF initially increases with
pressure. This observation is consistent with the assump-
tion that charge or spin density wave order sets in at T ∗,
which gaps out parts of the Fermi surface and thereby
reduces kF and consequently the electronic density of
states and Tc. Removing this transition then boosts su-
perconductivity. A more detailed examination of the T ∗
anomaly is under way to clarify its precise microscopic
origin.
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